Abstract
Introduction
Recent technological advances have led to the emergence of pervasive networks of small, lowpower devices that integrate sensors and actuators with limited on-board processing and wireless communication capabilities. These sensor networks open new vistas for many potential applications, such as battlefield surveillance, environment monitoring and biological detection [1] , [2] , [3] . Sensing is only one responsibility of a sensor network. To operate successfully, a sensor network must also provide satisfactory connectivity so that nodes can communicate for data fusion and reporting to base stations. the relationship between connectivity and coverage depends on the ratio of the communication range to the sensing range. However, it is easily seen that a connected network may not guarantee its coverage regardless of the ranges. This is because coverage is concerned with whether any location is uncovered while connectivity only requires all locations of active nodes are connected. Hence we focus on analyzing the condition for a covered network to guarantee connectivity. Wang et al. [7] , proved that in a convex region if Zhang et al. [8] , proved that
is a necessary condition for 1-Coverage to Imply Connectivity. In the rest of this paper, we first formulate the problem of coverage and connectivity in Section 2; a new sufficient condition for Complete Coverage to Imply Connectivity is presented in Section 3. We present a new distribution method, in Section 4 and conclude the paper in Section 5.
Problem Formulation
We use the same problem formulation that used in [7] , several coverage models [4] , [5] , [6] Proof. For any two nodes u and v , according to lemma 1. and lemma 2. we know that u can communicate with a node like x that is closer to v than u , the node x is also can communicate with another node that is closer to v than x , so we can make a chain that begin by u and every node in this chain is closer to v than previous nodes and can communicate with previous and next nodes in the chain, since the number of nodes and the distance between u and v is finite, this chain can't be infinite and finally reach to v , so u and v are connected in communication graph. Since nodes u and v are selected arbitrary the communication graph is connected.
a New Distribution Method
In this section we present a new distribution method, we assume an arbitrary distribution that at least 1-cover a convex region A and change it such that the distance between any pair of sensors not be less than s R .
Lemma 3.
In a circle with radius s R , except the center of circle, there is at most 6 points that distance between any pair of them is at least s R .
Proof. First we assume that there is at least 7 points in a circle with radius s R that distance between any pair of them is at least s R , now we draw a radius in the circle and sweep the circle in clockwise direction and in order that we meet the points, we number the points. (Figure 4. ). By this method we eliminate one pair of sensors that distance between them is less than s R and because the number of sensors and so the number of these pairs is finite, finally we reach a distribution that the distance between any pair of sensors is at least s R and the region A is at least 1-covered.
Conclusions and future works
In this paper we present a tighter sufficient condition for 1-coverage to imply connectivity in wireless sensor networks and corresponding sensor location method, which can facilitate the sensor location problem and save the energy. We put a constraint on the minimum allowed distance between any two sensors, this constraint is not a restrictive condition because we present a new distribution method for sensors with sensing range s R ; which previously cover a convex region A ; that the distance between any two sensor is at least s R ,in this method we put at most 6 new sensors instead of any previous sensor, but in most practical application there is no need to put 6 new sensors, and few sensors are enough. also we consider a rectangular region By this result we can use sensors with shorter communication range, so these sensors because need to send messages to shorter distance consume less energy.
In the future, we will extend our solution to handle other convex regions and other constraints on minimum allowed distance between sensors, and make our condition tighter and save much energy.
